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©  Method  and  apparatus  for  recording  and  replay  of  digital  audio  data. 

@  For  both  recording  and  replay,  a  digital  audio  tape  (14)  is 
accelerated  very  rapidly  by  a  motor  servo  (9),  motor  (8)  and 
capstan  (7)  so  that  the  tape  speed  overshoots  nominal  speed 
range  before  settling  back  to  this  range  in  an  oscillatory  man- 
ner.  The  digital  samples  are  recorded  and  replayed  via  a  head 
(15),  a  random  access  memory  (17)  and  input/output  electron- 
ics  (19).  During  recording,  the  store  (17)  is  precharged  by 
starting  to  write  in  as  soon  as  acceleration  is  initiated.  Read- 
out  to  the  tape  is  initiated  as  soon  as  the  tape  first  reaches  the 
nominal  speed  range.  Uniformity  of  samples  as  recorded  on 
the  tape  is  preserved  by  clocking  a  read  address  generator 
(21)  at  a  rate  proportional  to  tape  speed,  signaled  by  a 
tachometer  (7).  The  write  address  generator  is  clocked  at  the 
constant  sampling  rate.  For  replay  the  write  address 
generator  is  clocked  at  the  tape  speed  rate  while  the  read 
address  generator  (21  )  is  clocked  at  the  constant  sample  rate. 
Write  in  and  read  out  are  both  initiated  when  the  tape  speed 
first  reaches  the  nominal  range.  The  addresses  provided  by 
the  generators  (20  and  21  )  are  compared  by  a  comparator  (22) 
which  provides  a  reference  signal  to  the  servo  (9)  in  an 
arrangement  such  as  to  adjust  the  tape  speed  always  in  the 
sense  to  maintain  a  constant  degree  of  filling  of  the  store  (17). 
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  For  both  recording  and  replay,  a  digital  audio  tape  (14)  is 
accelerated  very  rapidly  by  a  motor  servo  (9),  motor  (8)  and 
capstan  (7)  so  that  the  tape  speed  overshoots  nominal  speed 
range  before  settling  back  to  this  range  in  an  oscillatory  man- 
ner.  The  digital  samples  are  recorded  and  replayed  via  a  head 
(15),  a  random  access  memory  (17)  and  input/output  electron- 
ics  (19).  During  recording,  the  store  (17)  is  precharged  by 
starting  to  write  in  as  soon  as  acceleration  is  initiated.  Read- 
out  to  the  tape  is  initiated  as  soon  as  the  tape  first  reaches  the 
nominal  speed  range.  Uniformity  of  samples  as  recorded  o n  
the  tape  is  preserved  by  clocking  a  read  address  generator 
(21)  at  a  rate  proportional  to  tape  speed,  signaled  by  a 
tachometer  (7).  The  write  address  generator  is  clocked  at  the 
constant  sampling  rate.  For  replay  the  write  address 
generator  is  clocked  at  the  tape  speed  rate  while  the  read 
address  generator  (21)  is  clocked  at  the  constant  sample  rate. 
Write  in  and  read  out  are  both  initiated  when  the  tape  speed 
first  reaches  the  nominal  range.  The  addresses  provided  by 
the  generators  (20  and  21)  are  compared  by  a  comparator  (22) 
which  provides  a reference  signal  to  the  servo  (9)  in  an 
arrangement  such  as  to  adjust  the  tape  speed  always  in  the 
sense  to  maintain  a  constant  degree  offilling  of the  store  (17). 



This  i n v e n t i o n   r e l a t e s   t o  a   method  for  r e c o r d i n g   and 

r ep l ay   of  d i g i t a l   audio  data  on  magnetic   tape  and  to  a p p a r a t u s  

for  c a r r y i n g   out  t h i s   me thod .  

The  q u a l i t y   of  r e c o r d i n g  a n d   r ep l ay   with  d i g i t a l   audio  i s  

very  s e n s i t i v e   to  v a r i a t i o n s   in  tape  speed.  Since  the  speed  i s  

i n e v i t a b l y   not  a b s o l u t e l y   c o n s t a n t ,   we  de f ine   the  nominal   s p e e d  

of  the  tape  as  t ha t   mean  speed  for  which  the  accumula ted   s p e e d  

v a r i a t i o n s   over  the  time  of  o p e r a t i o n   of  the  tape  equal   z e r o .  

In  the  p r e s e n t   s t a t e   of  the  a r t ,   these   speed  v a r i a t i o n s   a r e  

compensated  for  by  time  base  c o r r e c t i o n ,   which  uses  a  very  s m a l l  

b u f f e r   memory,  only  capable   of  s t o r i n g   and  s u b s e q u e n t l y   r e l e a s i n g  

da ta   in  order   to  t r a n s f o r m   the  not  a b s o l u t e l y   r e g u l a r   d a t a   o u t p u t  

from  the  tape  to  an  a b s o l u t e l y   r e g u l a r   one.  In  p r a c t i c e   the  t a p e  

runs  w i th in   a  nominal  speed  range  about  the  exact   nominal   speed  and  

the  smal l   r e s i d u a l   f l u c t u a t i o n s   of  the  speed  are  c o n f i n e d   to  t h a t  

speed  r a n g e .  

In  a  c o n v e n t i o n a l   s t a r t - u p   o p e r a t i o n ,   the  tape  i s  

a c c e l e r a t e d   from  zero  speed  to  i t s   nominal  speed  range  in  a  

c e r t a i n   and  f i n i t e   t ime.  Un t i l   the  tape  s t a b i l i s e s   to  i t s   n o m i n a l  

speed  range ,   c o r r e c t   r e c o r d i n g   and  r ep l ay   of  the  s a m p l e s  

r e p r e s e n t i n g   the  d i g i t a l   audio  data  is  not  p o s s i b l e .   This  i s  

because   the  v e l o c i t y   of  the  tape  is  vary ing   and  does  not  a l w a y s  

.  co r r e spond   to  the  a c tua l   sampling  r a t e .   The  c o n d i t i o n   f o r  

a c c u r a t e   r e c o r d i n g   is  to  have  a  uniform  d i s t r i b u t i o n  

of  samples  on  the  t ape .   For  r e p l a y ,   the  c o n d i t i o n   is  t h a t   t h e  

samples  have  to  reach  the  audio  e l e c t r o n i c s   at  a  r a t e  

c o r r e s p o n d i n g   to  the  nominal  speed  range.   Since  these   c o n d i t i o n s  

are  not  met  dur ing   s t a r t - u p   o p e r a t i o n s ,   the  c o r r e c t   r e c o r d i n g   o r  

r e p l a y   only  s t a r t s   when  tape  has  s t a b i l i s e d   to  i t s   n o m i n a l  

v e l o c i t y   r a n g e .  

S y n c h r o n i s i n g   two  d i g i t a l   r e c o r d e r s   with  g rea t   a c c u r a c y  

us ing  the  c o n v e n t i o n a l   t e c h n i q u e s   of  analogue  r e c o r d e r s   is  s l o w  

and  lock ing   to  common  c locks  b r ings   an  a d d i t i o n a l   u n c e r t a i n t y .  

S y n c h r o n i s i n g   two  analogue  audio  tape  machines  is  in  p r a c t i c e  



achieved   by  a d j u s t i n g   the  t ape - speed   of  a second  tape  machine   to  t h e  

tape  speed  of  a  f i r s t   tape  machine.  As  the  tape  speed  is  n o t  

p e r f e c t l y   c o n s t a n t ,   t h i s   means  t h a t   the  tape  speed  of  the  s e c o n d  

tape  machine  fo l lows  the  tape  speed  of  the  f i r s t   tape  machine ,   b u t  

with  a l t e r n a t e l y   p o s i t i v e   and  n e g a t i v e   d i f f e r e n c e s .  

The  s y n c h r o n i s a t i o n   of  two  d i g i t a l   tape  machines  i s  

d i f f e r e n t   in  t ha t   the  tape  speed  of  both  tape  machines  is  to  b e  

s y n c h r o n i s e d   to  a  common  time  r e f e r e n c e .   There  may  then  r e m a i n  

a  c e r t a i n   p h a s e - d i f f e r e n c e   between  the  two  t apes .   This  may  mean 

t h a t   c o r r e s p o n d i n g   d i g i t a l   audio  samples  are  not  r eco rded   o r  

r ep layed   at  t he  same   t ime.  At  p r e s e n t   the  t echn iques   f o r  

s y n c h r o n i s i n g   d i g i t a l   audio  on  magnet ic   tape  are  not  s a t i s f a c t o r y  

and  p e r f e c t   s y n c h r o n i s a t i o n   is  not  p o s s i b l e .  

The  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   as  de f ined   in  t h e  

claims  is  t h e r e f o r e   to  provide   a  method  for  r e c o r d i n g   and  r e p l a y  

of  d i g i t a l   audio  data  on  magnetic  tape  which  permi ts   f a s t   s t a r t - u p  

and  s y n c h r o n i s a t i o n ,   t o g e t h e r   with  appa ra tu s   for  p e r f o r m i n g   t h i s  

me thod .  

Using  the  inven ted   method,  a  much  f a s t e r   s t a r t - u p   i s  

p o s s i b l e .   This  means  tha t   c o r r e c t   r e co rd ing   and  r ep lay   of  d i g i t a l  

audio  da ta   is  r eached   in  a  much  s h o r t e r   time  a f t e r   s t a r t i n g   t h e  

tape  machines .   The  method  also  al lows  f a s t   s y n c h r o n i s a t i o n   between  two 

or more  tape  machines .   In  add i t ion   t h i s   s y n c h r o n i s a t i o n   is  very   s i m p l e  

to  ob ta in   and  f a i l u r e   of  synchonism  is  most  improbable .   As  t h i s   i n v e n t e d  

method  o p e r a t e s   with  a  s t o r e ,   the  usual   Time  Base  Correc t ion   c i r c u i t r y  

may  be  omi t t ed   by  i n c o r p o r a t i n g   i t s   f u n c t i o n s   into  t h a t   of  the  s t o r e .  

The  i n v e n t i o n   wi l l   be  d e s c r i b e d   in  more  d e t a i l ,   by  way  o f  

example,  with  r e f e r e n c e   to  the  accompanying  drawings,   in  w h i c h :  

F igu re s   1  and  2  show  v a r i a t i o n s   of  tape  speed  d u r i n g  

s t a r t - u p ,  

F igure   3  shows  v a r i a t i o n s   of  tape  speed  of  two  t a p e  

machines  to  be  s y n c h r o n i s e d ,  

F igure   4  shows  d i s t a n c e s   covered  by  two  s y n c h r o n i s e d   t a p e s  

a f t e r   d i f f e r e n t   t i m e s ,  

F igure   5  shows  the  d i f f e r e n c e   of  the  d i s t a n c e s   a c c o r d i n g  

to  f i g u r e   4,  and  



Figure   6  is  a  block  diagram  of  the  appara tus   embodying 

the  i n v e n t i o n .  

In  F igure   1,  the  v e r t i c a l   ax is   of  the  diagram  r e p r e s e n t s  

the  speed  of  a  tape  d r iven   in  a  well   known  manner.  The  h o r i z o n t a l  

axis  r e p r e s e n t s   time.  C o n v e n t i o n a l l y ,   the  speed  of  a  tape  d u r i n g  

s t a r t - u p   o p e r a t i o n s   commencing  at  time  t o  h a s   a  p r o f i l e   s i m i l a r  

to  the  do t t ed   l i ne   3.  During  a  s t a r t - u p   o p e r a t i o n   making  use  o f  

the  inven ted   method,  the  speed may  have  a  p r o f i l e   s i m i l a r   to  l i ne   4 .  

In  both  cases ,   the  speed  has  u l t i m a t e l y   to  reach  a  nominal  s p e e d  

range  5.  Whereas  with  c o n v e n t i o n a l   t e c h n i q u e s ,   c o r r e c t   r e c o r d i n g  

or  r e p l a y   can  only  begin  when  the  tape  speed  s t a b i l i s e s   to  t h e  

nominal  range  5  at  time  t2,   the  i n v e n t e d   method  allows  c o r r e c t  

r e co rd ing   o r  r e p l a y  t o   begin   as  soon  as  the  tape  approaches  t h e  

nominal  speed  at  time  t1*  T h e r e f o r e ,   i t   is  advantageous   with  t h e  

inven ted   method  t h a t   a  speed  p r o f i l e   s i m i l a r   to  4  be  f o l l o w e d  

since  the  nominal  speed  range  5  is   f i r s t   reached  a f t e r   a  t i m e  

T1:  i t   takes   an  a d d i t i o n a l   t ime  T3  to  s t a b i l i z e   to  the  n o m i n a l  

speed  range  5.  In  c o n v e n t i o n a l   o p e r a t i o n ,   i t   takes  the  tape  a  

time  T2  added  to  the  time  T   to  reach   the  nominal  speed  range  5 .  

F igure   2  shows  a  diagram  s i m i l i a r   to  Fig  1,  but  h e r e  

the  speed  11  of  the  tape  approaches   the  nominal  speed  range  5a  i n  

the  manner  of  a  damped  o s c i l l a t i o n .  

In  a  s i m i l a r   d iagram,  F igure   3  shows  two  s l i g h t l y   d i f f e r e n t  

speed  p r o f i l e s   12  and  13  of  two  s i m i l a r   tape  machines  a c c e l e r a t i n g  

t h e i r   r e s p e c t i v e   tapes  from  zero  to  a  common  nominal  speed  range  5 .  

In  Figure   4,  d i s t a n c e s   covered  by  a  s p e c i f i c   t a p e - e l e m e n t   a f t e r  

a c c e l e r a t i n g   acco rd ing   to  the  speed  p r o f i l e s   of  Figure  3  are  shown. 

Curves  28  and  29  i n d i c a t e   d i s t a n c e s   covered  by  the  two  s e p a r a t e  

tapes   on  two  tape  machines.   Line  30  i n d i c a t e s   the  d i s t a n c e   c o v e r e d  

by  a  t h i r d   tape  with  t h e o r e t i c a l   immediate   a c c e l e r a t i o n   up  t o  

nominal  s p e e d .  

In  F igure   5,  the  curve  32  shows  the  d i f f e r e n c e   b e t w e e n  

the  d i s t a n c e s   covered  by  the  two  t apes   and  i t   is  apparen t   t h a t  

the  d i f f e r e n c e   s t a b i l i z e s   when  a c c e l e r a t i o n   of  the  tapes  has  e n d e d .  

Figure   6  is  a  b lock   d iagram  of  an  appara tus   for  r e c o r d i n g  

on  and  for  r ep lay   from  magnet ic   tape  14.  This  appara tus   c o m p r i s e s  

a  tape  machine  well  known  and  b e l o n g i n g   to  the  s t a t e   of  the  a r t .  

The  machine  is  r e p r e s e n t e d   by  a  r ecord   and  rep lay   head  15,  a  



caps t an   6,  a  t achometer   7,  a  motor  8  and  a  servo  9  for  c o n t r o l l i n g  

the  motor  8.  In  p r a c t i c e   the re   wi l l   a lmost   c e r t a i n l y   be  s e p a r a t e  

r e p l a y   and  r ecord ing   heads  but  a  combined  head  is  shown,  f o r  

s i m p l i c i t y   of  d e s c r i p t i o n .  o f   both  r e c o r d i n g   and  r ep l ay   o p e r a t i o n s .  

The  head  15  is  connected   by  a  l ine   16  to  a  RAM  s to re   17  via  an 

e n c o d e r / d e c o d e r   u n i t   45.  In  r e c o r d i n g ,   t h i s   un i t   works  as  an 

encoder  and  t r a n s l a t e s   the  incoming  data   in to   a  format   s u i t a b l e   f o r  

r e c o r d i n g .   In  r ep lay   i t   performs  the  i n v e r s e   o p e r a t i o n   as  a  

decoder .   The  s to re   17  can  be  implemented  us ing  s o l i d   s t a t e   RAMs 

with  a  f ixed   t iming  locked  to  the  d e s i r e d   sampl ing  f requency   and  

s e v e r a l   read  and  wr i t e   cycles   per  sampling  i n t e r v a l   to  accommodate 

f l u c t u a t i o n s   in  the  incoming  data  r a t e ,   as  wel l   as  s e v e r a l  r e a d  

cyc l e s   for  ease  of  p rocess ing .   T h e  n e c e s s a r y   c i r c u i t s   are  w e l l  

known  in  s t a t e   of  the  a r t   d i g i t a l   audio.   The  s t o r e   17  is  c o n n e c t e d  

by  means  of  one  or  more  l i nes   18  to  the  usua l   i n p u t - o u t p u t  

e l e c t r o n i c s   19.  

All  o p e r a t i o n s   are  synchron i sed   by  a  mas te r   c lock  41  which 

e s t a b l i s h e s   the  sampling  i n t e r v a l   in  the  i n p u t - o u t p u t   e l e c t r o n i c s  

19  and  the  r e a d - w r i t e   cycle   of  the  s t o r e   17 .  

The  s tore   17  is  p rovided   with  a  wr i t e   address   g e n e r a t o r . 2 0  

and  a  read  address   g e n e r a t o r   21.  Each  of  these   g e n e r a t o r s   can  be  

c locked  in  well  known  manner  to  step  c y c l i c a l l y   through  t h e  

a d d r e s s e s   of  the  s to re   17 and  each  has  p r o v i s i o n   to  s e l e c t   be tween  

c l o c k i n g   by  the  clock  41  and  the  t achomete r   7.  This  s e l e c t i o n   i s  

made  by  a  con t ro l   u n i t   25  which,  among  o ther   t h i n g s ,   s e l e c t s  

between  record   and  r ep lay   modes.  

The  read  addresses   fol low  the  wr i t e   a d d r e s s e s   and  the  o f f s e t  

between  the  read  and  wr i te   addresses   r e p r e s e n t s   the  degree  to  which 

the  s t o r e   17  is  f i l l e d .   A  comparator   22  de t e rmines   the  s a i d  

o f f s e t   and  provides   a  r e f e r e n c e   s i g n a l   REF  to  the  motor  servo  9 

which  a lso  has  a v a i l a b l e   a  f ixed  r e f e r e n c e   FREF cor respond ing   t o  

the  nominal  tape  s p e e d .  

The  ope ra t ion   of  the  appara tus   when  s t a b l e   running   has  been  

ach ieved   wi l l   f i r s t l y   be  cons ide red .   During  r e c o r d i n g   the  w r i t e  

add re s s   gene ra to r   20  is  clocked  by  the  clock  41  at  the  sample  

r a t e ,   whereas  the  read  address  g e n e r a t o r   21  is  c locked  by  t h e  

t achomete r   7  so  tha t   the  samples  are  fed  to  the  r e c o r d i n g   head  15 



at  a  r a t e   p r o p o r t i o n a l   to  tape  speed  and  are  r ecorded   at  c o n s t a n t  

p i t ch   ( s p a c i n g ) ,   n o t w i t h s t a n d i n g   f l u c t u a t i o n s   in  tape  s p e e d .  

The  l i n e s   16  and  18  are  switched  to  the  ou tpu t   and  i npu t   b u s e s  

of  the  s t o r e   17  r e s p e c t i v e l y .   Converse ly ,   dur ing   r e p l a y ,   t h e  

l i ne s   16  and  18  are  swi tched  to  the  inpu t   and  o u t p u t   buses ,   t h e  

wr i t e   address   g e n e r a t o r   20  is  clocked  by  the  t a c h o m e t e r   7  and  t h e  

read  address   g e n e r a t o r   21  is  c locked  by  the  c lock  41.  The 

s w i t c h i n g   of  t hese   v a r i o u s   f unc t i ons   is  c o n t r o l l e d   by  a  RECORD/ 

REPLAY  mode  l ine   42  from  the  con t ro l   un i t   25 .  

The  motor  servo  9  compares  the  t a c h o m e t e r   s i g n a l   with  t h e  

REF  s i gna l   from  the  compara tor   22  and  a d j u s t s   the  i n s t a n t a n e o u s  

tape   speed  so  as  to  ma in t a in   a  c e r t a i n   degree  of  f i l l   of  t h e  

s t o r e   17.  The  servo  9  has  to  respond  o p p o s i t e l y   to  e r r o r s   in  t h e  

two  modes  and  is  t h e r e f o r e   a lso  swi tched  by  the  RECORD/REPLY  l i n e  

42.  During  r e c o r d i n g ,   i f   the  s to re   17  gets   o v e r - f u l l ,   the  tape  14 

is  speeded  up.  During  r ep l ay ,   i f   the  s t o r e   17  gets   o v e r f u l l ,   t h e  

tape  14  is  slowed  down.  During  r ep lay ,   p r e c i s e   t iming   of  t h e  

wr i t e   address   g e n e r a t o r   20  may  be  c o n t r o l l e d   by  a  c lock  s i g n a l  

a l so   r ep l ayed   from  the  tape  14.  Such  a  s i g n a l   can  be  used  i n s t e a d  

of  the  t achomete r   s i g n a l .  

During  s t a r t - u p   c o n d i t i o n s ,   the  c o n t r o l   u n i t   25  p rov ides   a 

s i g n a l   on  l ine   43  to  the  motor  servo  9  to  cause  i t   to  d r ive   t h e  

tape  up  to  speed  in  accordance   with  curve  4  of  Fig  l o r  c u r v e   11 

of  Fig  2.  This  may  be  achieved  in  v a r i o u s   ways,  such  as  by  u s e  

of  a  p r e d e t e r m i n e d   f o r c i n g   func t ion   or  by  s w i t c h i n g   from  use  o f  

REF  to  FREF  and  a l lowing   the  servo  to  act  with  very  l i t t l e   damping.  

Acco rd ing ly ,   for  a  f a s t   s t a r t - u p ,   the  tape  d r ive   is  s t a r t e d  

and  the  speed  of  the  tape  is  i nc r ea sed   as  r a p i d l y   as  p o s s i b l e ,  

c o n s i s t e n t   with  a c c u r a t e   rep lay   of  data  from  the  t a p e .  

For  r e c o r d i n g ,   the  da ta   samples  are  t r a n s f e r r e d   from  the  i n p u t /  

ou tpu t   e l e c t r o n i c s   19  through  l ine   18  in to   the  s t o r e   17.  

Accord ing ly   the  s t o r e   17  is  f i l l i n g - u p   with  da ta   from  the  i n p u t /  

ou tpu t   e l e c t r o n i c s   19  at  the  c o n s t a n t   r a t e .   When  the  tape  speed  

approaches   i t s   nominal  speed  range  5,  t h a t   is  a p p r o x i m a t e l y  

at  time  t l .   the  tape  speed  motor  servo  9  emits  a  s i g n a l   on  l ine   44 

to  the  con t ro l   un i t   25  which,  in  t u rn ,   s t a r t s   the  read  a d d r e s s  



g e n e r a t o r   21.  This  p rov ides   add re s se s   s t a r t i n g   with  the  memory 

l o c a t i o n   which  c o n t a i n s   the  f i r s t   d i g i t a l   audio  sample  to  b e  

ou tpu t   from  the  s to re   17.  These  ou tpu t   s i g n a l s   leave  the  s t o r e  

17  at  a  ra te   c o r r e s p o n d i n g   to  the  c u r r e n t   tape  speed  and  a r e  

d i r e c t e d   through  l ine   16  to  the  r e c o r d i n g   head  15.  Since  the  t a p e  

speed  con t inues   to  vary  a f t e r   time  t l ,   the  o u t p u t   data  ra te   i s  

va r i ed   to  conform  t o  t h e   tape  speed,  in  the  manner  a l r e a d y  d e s c r i b e d .  

As  the  tape  speed  reaches   h igher   va lues   than  the  nomina l  

speed  range  5,  the  s t o r e   17  d e p l e t e s   more  q u i c k l y   than  i t   r e c e i v e s  

new  da ta .   This  s i t u a t i o n  r e m a i n s   dur ing  time  T2,  which  means  t h a t  

the  s to re   17  has  to  be  p recharged   with  data   samples  c o r r e s p o n d i n g  

to  the  area  33  i n  F i g   1  o r  a r e a   34. in  Fig  2  c o n t a i n e d   between  t  
and  t2 '   This  data  is  loaded  into  the  s t o r e   for   a  pe r iod   b e f o r e  

time  t1  and  the  s t o r e   shou ld  be   la rge   enough  to  accommodate  i t .  

Once  the  tape  speed  has  s t a b i l i s e d   to  the  nominal  speed  range  5 ,  

t h a t   is  a f t e r   time  t3  (Fig  1)  or  time  t4  (Fig  2),   the  t a p e  

speed  is  c o n t r o l l e d   by  the  comparator   22  a n d  t h e   motor  servo  9 ,  

as  d e s c r i b e d   above.  They  ensure  t h a t , o n   ave rage ,   the  d i f f e r e n c e  

between  the  read  and  wr i t e   add re s se s   remains  c o n s t a n t   and  hence  

t h a t   the  average  r e c o r d i n g   r a t e   co r r e sponds   e x a c t l y   to  the  a u d i o  

data   r a t e .  

As  d e s c r i b e d ,   the  swi t ch ing   of  the  read  address   g e n e r a t o r  

21  a t   t 1 ,  i . e .   the  i n i t i a t i o n   of  the  a c t u a l  r e c o r d i n g   on  t a p e ,  

takes   p lace   in  dependence  upon  moni tored  tape  speed.  It  may  a l s o  

be  p o s s i b l e   to  e f f e c t   the  swi tch ing   a  f ixed   time  T1  a f t e r   t  .  
This  time  may  even  be  sho r t ened   to  s t a r t   a c t u a l   r e co rd ing   a  

l i t t l e   before   t l .   S i m i l a r l y   the  swi t ch ing   of  the  servo  9  from 

s t a r t - u p   mode  to  normal  mode  at  t3  or  t4  may  be  e f f e c t e d   a f t e r  

e l apse   of  a  p r e s e t   time  or  i t   may  be  e f f e c t e d   when  the  tape  s p e e d  

s igna l   from  the  t a c h o m e t e r  7   or  from  a  clock  t r a c k   on  the  t a p e  

ceases   to  f l u c t u a t e   beyond  the  range  5.  This  may  be  t e s t e d   by  
measuring  the  tape  speed  f l u c t u a t i o n s  a n d   checking  i f   t h e s e  

l i e   wi th in   t o l e r a n c e .  

For  r e p l a y ,   data  con t a ined   on  the  tape  14  are  t r a n s f e r r e d  

from  the  r ep lay   head  15  through  the  l ine   16  to  the  s t o r e   17.  

When  the  tape  speed  f i r s t   approaches   the  nominal  range  5,  i . e .  

around  t1,  the  servo  9  s i g n a l s   the  c o n t r o l   un i t   25  to  i n s t r u c t  

the  wr i te   address   g e n e r a t o r   20  to  s t a r t   w r i t i n g   data  into  t h e  



s t o r e .   Since  the  tape  speed  is  v a r y i n g ,   the  r a t e   at  which  d a t a  

is  w r i t t e n   is  va r i ed   to  conform  to  the  tape  speed,  as  d e s c r i b e d  

above.  Also  at  time  t   or  s h o r t l y   t h e r e a f t e r ,   the  read  a d d r e s s  

g e n e r a t o r   21  is  to ld   by  the  un i t   25  to  s t a r t   p r o v i d i n g   a d d r e s s e s  

to  the  memory  l o c a t i o n s   which  con t a in   samples  to  be  ou tpu t   f rom 

the  s t o r e   17.  These  are  d i r e c t e d   th rough  l ine   18  to  the  i n p u t /  

o u t p u t   e l e c t r o n i c s   19.  This  a p p a r a t u s   o p e r a t e s   t h e r e f o r e   in  a  

s i m i l a r   way  for   r ecord ing   and  for  r e p l a y .   As  b e f o r e ,   once  t h e  

tape  speed  has  s t a b i l i s e d   to  i t s   nominal  va lue ,   i t   is  c o n t r o l l e d  

by  the  compara tor   22  and  servo  9 .  

Fas t   s y n c h r o n i s a t i o n   of  two  d i g i t a l   tape  machines  can  b e  

a c h i e v e d   by  employing  the  f a s t   s t a r t   up  t e c h n i q u e s   j u s t  

d e s c r i b e d .   We  assume  as  an  example  t h a t   both  tapes   on  the  t a p e  

machines   reach  t h e i r   nominal  speed  range  5  as  shown  in  Fig  3.  I f  

we  look  at  two  c o r r e s p o n d i n g   samples ,   one  on  each  t ape ,   b e f o r e  

s t a r t - u p   at  t o  a n d   we  fol low  them  th rough   the  a c c e l e r a t i o n   of  t h e  

t apes   r e p r e s e n t e d   by  the  l i n e s   28  and  29  we  f ind  them  again   a t  

a  d i s t a n c e   47  at  time  t l  a n d  a   s i m i l a r   d i s t a n c e   38  at  t ime  t3 .   I f  

both  s t o r e s   17  of  both  tape  machines  have  now  s t o r e d   da ta   from  t h e  

t imes  t h a t   the  nominal  tape  speed  is  r eached ,   the  s t o r e   17  of  t h e  

machine  with  the  g r e a t e r   a c c e l e r a t i o n   w i l l   be  more  f u l l   than  t h e  

s t o r e   of  the  o the r   machine.  This  d i f f e r e n c e   of  data  has  to  b e  

c o r r e c t e d   in  order   to  s y n c h r o n i s e   the  c o r r e s p o n d i n g   a u d i o  

data   s t r e a m s .  
Each  tape  machine  to  be  s y n c h r o n i s e d   c o n t a i n s   e s s e n t i a l l y  

the  a p p a r a t u s   shown  in  Fig  6.  When  both  machines  f i r s t   r e a c h  

a p p r o x i m a t e l y   nominal  speed,   i t   is  then  p o s s i b l e   with  the  i n v e n t e d  

method  immedia te ly   to  s y n c h r o n i s e   the  two  machines .   At  t h i s   p o i n t ,  

da ta   from  the  tape  is  being  w r i t t e n   in to   the  s t o r e   17  of  e a c h  

machine  and  r e g u l a r   ou tpu t   data  may  be  read  from  each  s t o r e   a s  

d e s c r i b e d   e a r l i e r   for  the  r e p l a y   mode.  However,  s ince   the  two 

t apes   w i l l   have  a c c e l e r a t e d   in  s l i g h t l y   d i f f e r e n t   f a s h i o n s ,   one  

s t o r e  w i l l   be  f u l l e r   than  the  o ther   and  o r i g i n a l l y   t ime-synchronous   s amples  

wi l l   be  at  d i f f e r e n t   memory  l o c a t i o n s .   To  s y n c h r o n i s e   the  two 

machines ,   t h e r e f o r e ,   the  excess   da ta   in  the  s t o r e   of  the  l e a d i n g  

machine  is  delayed  at  time  t   by  a  number  of  samples  c o r r e s p o n d i n g  

to  the  d i f f e r e n c e   47  of  the  c o r r e s p o n d i n g   p o s i t i o n s   of  the  two 

t a p e s .   This  may  be  done  by  t e l l i n g   the  read  address   g e n e r a t o r   21 



of  the  f a s t e r   machine  to  jump  to  a  new  a d d r e s s ,   l e av ing   out  t h e  

excess   da ta .   The  same  r e s u l t   may  be  ach ieved ,   but   with  some 

de lay ,   by  f r e e z i n g   the  wr i t e   address   g e n e r a t o r   20  for  the  number 

of  wr i te   cyc les   c o r r e s p o n d i n g   to  the  excess  d a t a .  

During  the  s u b s e q u e n t   per iod   t   to  t3  where  the  t a p e  

speeds  of  both  machines  cont inue   to  vary  be fore   s t a b i l i s i n g   t o  

the  nominal  speed,   the  o p e r a t i o n   of  each  machine  is  as  d e s c r i b e d  

e a r l i e r   for  f a s t   s t a r t - u p .   Synchronism  of  the  o u t p u t   data   of  t h e  

two  machines  is  g u a r a n t e e d   since  they  are  both  locked  to  t h e  

common  clock  4 1 .  

In  o rder   to  p e r f o r m  t h e s e   o p e r a t i o n s ,   t h e r e   has  to  be  some 

common  c o n t r o l   over  the  two  machines.  A  s i n g l e   c o n t r o l   un i t   25 

may be  p rov ided   for  the  two  machines  or  a  c o n t r o l   u n i t   of  a  m a s t e r  

machine  may  send  jump  i n s t r u c t i o n s   to  the  c o n t r o l   u n i t   of  a  s l a v e  

machine.  By  way  of  i l l u s t r a t i o n ,   Fig  6  i l l u s t r a t e s   the  f o r m e r  

a l t e r n a t i v e   with  the  u n i t   25  connected  to  address   g e n e r a t o r s   20a 

and  21a  of  the  second  machine.  There  w i l l   a lso   be  c o n n e c t i o n s   to  t h e  

motor  servo  and  s t o r e .  

One  s p e c i f i c   t e c h n i q u e   for  implementing  the  s y n c h r o n i s a t i o n  

is  as  fo l lows .   The  c o n t r o l   un i t   25  s t a r t s   the  two  machines  i n  

the  manner  d e s c r i b e d .   S y n c h r o n i s a t i o n   is  e f f e c t e d   e i t h e r   a  f i x e d  

time  (T1  in  Fig  1)  a f t e r   t   or  when  the  second  of  the  u p - t o  

speed  s i g n a l s   on  l i n e s   44  and  44a  is  r e c e i v e d .   The  c o n t r o l   un i t   25 

then  compares  the  s t a t e s   of  f i l l   of  the  two  s t o r e s ,   which  can  b e  

done  by  comparing  the  co r respond ing   s i g n a l s   REF  and  REFa.  Then 

a  b u r s t   of  pu l se s   is  emi t ted   on  a  l ine   48  or  48a  to  jump  on  t h e  

address   g e n e r a t o r   21  or  21a  p e r t a i n i n g   to  the  f a s t e r   m a c h i n e ,  

the  number  of  pu lse   c o r r e s p o n d i n g   to  the  excess   da ta   in  the  s t o r e  

of  the  f a s t e r   machine.   T h e r e a f t e r   the  two  machines  complete   t h e  

s t a r t   up  r o u t i n e s   as  a l r e a d y   de sc r ibed   and  then  c a r r y   on  w i t h  

normal  r e p l a y .  

Fast   s y n c h r o n i s a t i o n   may  equa l ly   well  be  pe r fo rmed   d u r i n g  

r e c o r d i n g .   In  t h i s   case  i t   is  the  slower  machine  which  w i l l   h a v e  

excess   data  to  be  e l i m i n a t e d .   This  is  again  p r e f e r a b l y   e f f e c t e d  

by  jumping  the  read  address   gene ra to r   of  t h i s   m a c h i n e .  

It   is  always  n e c e s s a r y   to  con t ro l   one  address   g e n e r a t o r   o f  

a  machine  in  acco rdance   with  tape  speed.  As  a l r e a d y   i n d i c a t e d   t h e  

i n f o r m a t i o n   r e q u i r e d   for  t h i s   may  be  fed  back  from  the  tape  d r i v e  



( tachometer   7)  or  be  taken  from  an  a u x i l i a r y   time  t r ack   p l a y e d  

back  from  the  t a p e .  



1.  A  method  of  e f f e c t i n g   f a s t   s t a r t - u p   of  a  r e co rd ing   o r  

r e p l a y   ope ra t i on   of  d i g i t a l   i n f o r m a t i o n   on  a  magnet ic   tape  h a v i n g  

a  nominal  tape  speed  range,   c h a r a c t e r i s e d   in  t h a t   the  tape  i s  

a c c e l e r a t e d   so  r a p i d l y   as  to  o v e r s h o o t   the  nominal  tape  s p e e d  

range  before   s t a b i l i z i n g   in  tha t   range,   and  in  t h a t   r e c o r d i n g   on 

to  the  tape  from  a  d i g i t a l   s t o r e  o r   r e p l a y   from  the  tape  i n t o  

t h e   d i g i t a l   s tore   is  i n i t i a t e d   s u b s t a n t i a l l y   be fo re   the  speed  ha s  

s t a b i l i z e d   in  the  said  r a n g e .  

2.  A  method  accord ing   to  claim  1,  wherein  the  r a t e   at  which  

d i g i t a l   i n fo rmat ion   is  t r a n s f e r r e d   between  the  tape  and  the  s t o r e  

is  c o n t r o l l e d   in  dependence  upon  tape   s p e e d .  

3.  A  method  accord ing   to  claim  2,  where in   the  s tore   is  a  random 

acces s   memory  with  a  c y c l i c   read  address   g e n e r a t o r   and  a  c y c l i c  

w r i t e   address   g e n e r a t o r ,   one  address   g e n e r a t o r   is  clocked  at  a  

f i x e d   r a te   and  the  o ther   is  c locked  at  a  r a t e   c o r r e s p o n d i n g   t o  

tape   s p e e d .  

4.  A  method  a c c o r d i n g  t o   claim  3,  wherein  the  read  and  w r i t e  

a d d r e s s e s   are  compared  to  de te rmine   the  degree  of  f i l l   of  the  s t o r e  

and,  once  the  tape  speed  has  s t a b i l i z e d ,   the  tape  speed  is  c o n t r o l l e d  

in.  dependence  upon  the  degree  of  f i l l   so  as  to  tend  to  m a i n t a i n  

the  degree  of  f i l l   c o n s t a n t .  

5.  A  method  accord ing   to  any  of  c la ims  1  to  4,  wherein  t h e  

r e c o r d i n g   on  to  the  tape  from  the  d i g i t a l   s t o r e   or  the  r e p l a y  

from  the  tape  into  the  d i g i t a l   s t o r e   is  i n i t i a t e d   s u b s t a n t i a l l y   a t  

the  time  when  the  tape  speed  f i r s t   r eaches   the  nominal  s p e e d  

r a n g e .  

6.  A  method  accord ing   to  any  of  c la ims   1  to  5,  w h e r e i n ,  

du r ing   r e c o r d i n g ,   w r i t i n g   of  the  d i g i t a l   i n f o r m a t i o n   in to   t h e  

s t o r e   at  a  cons t an t   r a t e   is  i n i t i a t e d   when  a c c e l e r a t i o n   of  t h e  

tape  is  commenced  and  read  out  from  the  s t o r e   to  the  tape  i s  

i n i t i a t e d   s u b s t a n t i a l l y   at  the  time  when  the  tape  speed  f i r s t  

r eaches   the  nominal  speed  r a n g e .  



7.  A  method  a c c o r d i n g   to  any  of  claims  1  to  5,  w h e r e i n ,   d u r i n g  

r e p l a y ,   w r i t i n g   of  the  d i g i t a l   i n f o r m a t i o n   in to   the  s t o r e   f rom 

the  tape  and  read  out '  f rom  the  s tore   at  a  c o n s t a n t   r a t e   are  b o t h  

i n i t i a t e d   s u b s t a n t i a l l y   at  the  time  when  the  tape  speed  f i r s t  

reaches   the  nominal   speed  r a n g e .  

8.  A  method  a c c o r d i n g   to  any  of  claims  1  to  7,  where in   two 

tape  machines  are  s i m u l t a n e o u s l y   s t a r t e d   up  and  s y n c h r o n i z e d  

by  e l i m i n a t i n g   excess   data  from  whichever  s t o r e   has  f i l l e d   more  

than  the  o t h e r   du r ing   the  f a s t   s t a r t - u p .  

9.  A  method  a c c o r d i n g   to  claim  8,  wherein  the  s y n c h r o n i z a t i o n   by  

e l i m i n a t i o n .  o f   excess   data   is  e f f e c t e d   s u b s t a n t i a l l y   when  t h e  

slower  machine  f i r s t   reaches   the  nominal  tape  speed  r a n g e .  

10.  A  method  a c c o r d i n g   to  claim  8  or  9,  i n s o f a r   as  d e p e n d e n t   on 

claim  3,  where in   the  e l i m i n a t i o n   of  excess  data  is  e f f e c t e d   b y  

jumping  the  read  address   g e n e r a t o r .  

l l .   Appara tus   for  c a r r y i n g   out  the  method  a c c o r d i n g   to  c la im  1 ,  

compr i s ing   a  tape  machine,   a  s to re   connected  between  r e c o r d   a n d  

r ep l ay   head(s )   of  the  machine  and  i n p u t / o u t p u t   e l e c t r o n i c s   for   t h e  

d i g i t a l   i n f o r m a t i o n ,   means  for  s t a r t i n g   the  machine  in  such  a  

way  t h a t   the  tape  is  a c c e l e r a t e d   so  r a p i d l y   as  to  o v e r s h o o t   t h e  

nominal  tape  speed  range,   and  a  con t ro l   un i t   for  i n i t i a t i n g   t h e  

r e c o r d i n g   on  to  the  tape  from  the  d i g i t a l   s to re   or  the  r e p l a y   f rom 

the  tape  i n to   the  d i g i t a l   address   g e n e r a t o r   s u b s t a n t i a l l y   at  t h e  

time  when  the  tape  speed  f i r s t   reaches   the  nominal  speed  r a n g e .  

12.  Appa ra tus   accord ing   to  claim  11,  wherein  the  s t o r e   is  a  

random  acces s   memory  with  a  c y c l i c   read  address   g e n e r a t o r   and  a  

c y c l i c   w r i t e   add re s s   g e n e r a t o r ,   and  the  c o n t r o l   u n i t   has  a  

record   mode  in  which  the  wr i t e   address   g e n e r a t o r   is  c locked   a t  

a  f ixed   r a t e   while   the  read  address   g e n e r a t o r   is  c locked   i n  

dependence  upon  a  s i gna l   r e p r e s e n t i n g   tape  speed,  and  a  r e p l a y  

mode  in  which  the  read  address   g e n e r a t o r   is  clocked  at  a  f i x e d  

r a t e   while   the  wr i t e   address   g e n e r a t o r   is  clocked  in  d e p e n d e n c e  

upon  the  s i g n a l   r e p r e s e n t i n g   tape  s p e e d .  



13.  Appara tus  accord ing   to  claim  12,  compr i s ing   means  f o r  

comparing  the  address   provided  by  the  two  address   g e n e r a t o r s   and 

means  for  c o n t r o l l i n g   the  tape  speed  so  as  to  tend  to  m a i n t a i n  

the  degree  of  f i l l   of  the  s to re   s u b s t a n t i a l l y   c o n s t a n t .  

14.  Apparatus   a cco rd ing   to  claim  12  or  13,  wherein  two  t a p e  

machines  have  a  common control  un i t   or  l i nked   c o n t r o l   u n i t s  

adapted  to  jump  the  read  address   g e n e r a t o r   of  one  machine  so  as  t o  

b r ing   the  machines  in to   s y n c h r o n i s a t i o n .  
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